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(57) ABSTRACT 
The present invention relates to a method for the purification 
ofrFIX using anion exchange chromatography in the pseudo 
affinity mode, wherein said method comprises a wash step 
with a wash buffer having a salt concentration of more than 
200 mM. The purification according to the invention provides 
a method to enrich rRIX molecules which have been post 
translationally modified by sulfation and/or phosphorylation. 
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METHOD FOR THE PURIFICATION OF 
RECOMBINANT BLOOD COAGULATION 
FACTORIX ENRCHED IN SULFATED 

AND/ORPHOSPHORYLATED MOLECULES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present application claims priority to U.S. Ser. No. 
60/904,009, filed Feb. 28, 2007, herein incorporated by ref. 10 
erence in its entirety. 

FIELD OF THE INVENTION 

The present invention relates to a method for the purifica- 15 
tion of recombinant blood coagulation factor IX (rFIX) by 
anion exchange chromatography, wherein the method com 
prises a wash step with a wash buffer which has a salt con 
centration of more than 200 mM. Furthermore, the invention 
relates to compositions enriched in rFIX molecules which 20 
have been posttranslationally modified by sulfation and/or 
phosphorylation. 

BACKGROUND OF THE INVENTION 
25 

Vitamin K-dependent proteins are a class of proteins 
involved in maintaining hemostasis. The dependency on Vita 
min K occurs during the biosynthesis of the proteins, as 
Vitamin K is a cofactor in the carboxylation of glutamic acid 
residues of the proteins. The result of this reaction is the 30 
formation of a Y-carboxyglutamate (gamma-carboxy 
glutamate), referred to as gla residue. The formation of gla 
residues within several proteins of the blood clotting cascade 
is critical for their normal function. The presence of gla resi 
dues allows the protein to chelate divalent cations, e.g. cal- 35 
cium, and thereby render an altered conformation, an alter 
ation of the Surface charges on the protein, and thus, an 
alteration of the biological activity of the protein. 

EP0363 126 utilizes said changes in the protein in the pres 
ence of divalent cations to selectively purify recombinant 40 
Vitamin K-dependent proteins. The method is based on con 
ventional ion exchange chromatography to separate the Vita 
min K-dependent proteins based on the ionically altered bind 
ing affinity to the Substrate in the absence or presence of 
divalent cations and is called “pseudo-affinity chromatogra- 45 
phy”. Thus, the method described in EP0363126 allows to 
select recombinant vitamin K-dependent proteins based on 
their quantity of gla residues. 

U.S. Pat. No. 5,714,583 describes purification methods for 
rFIX using anion exchange chromatography in the pseudo- 50 
affinity mode to increase the purity of rFIX. Selected inactive 
forms of FIX and contaminating host cell proteins remain 
bound to the column, while active FIX and some less active 
forms are eluted by the addition of a divalent cation to the 
buffer. 55 

EP0363126 as well as U.S. Pat. No. 5,714,583 are aimed on 
the purification of recombinant protein molecules with an 
increased biological activity. 

However, the therapeutic efficacy depends not only on the 
biological activity of a recombinant protein, but also on the in 60 
vivo recovery. 

This can be seen from the following example: Hemophilia 
B, a hereditary recessive bleeding disorder, is successfully 
treated by replacement therapy consisting of the administra 
tion of preparations of human plasma derived (pdFIX) or 65 
recombinant blood coagulation factor IX (rRIX). The com 
mercially available recombinant product, which is marketed 

2 
under the trade name BenefixTM, is manufactured by using 
stable transfected Chinese hamster ovary (CHO) cells co 
expressing rEIX together with endopeptidase PACE/Furin, 
and is highly purified via multiple filtration and chromato 
graphic steps (Kaufman et al., 1986: Wasley et al., 1993; 
Harrison et al., 1998). In clinical studies, BenefixTM has been 
shown to be safe and effective, but a 20 to 50% higher dosage 
than for pdFIX is needed for successful treatment. This is due 
to a 30 to 50% lower in vivo recovery for CHO derived rFIX 
than for pdFIX, as revealed by pharmacokinetic data col 
lected from pre-clinical and clinical studies, where pdFIX and 
rFIX are compared in different animal models (Keith, Jr. et 
al., 1995; Brinkhous et al., 1996; Schaub et al., 1998; McCar 
thy et al., 2002), and clinical studies in hemophilia B patients 
(Keith, Jr. et al., 1995; White et al., 1997; White et al., 1998: 
Bjorkman et al., 2001; Roth et al., 2001; Ewenstein et al., 
2002: Poonet al., 2002: Ragniet al., 2002: Kiskeret al., 2003: 
Shapiro et al., 2005a). The circulating half-life of rFIX is not 
distinguishable from pdFIX preparations. Biochemical com 
parison between pdFIX and CHO derived rFIX revealed dif 
ferences in post-translational modifications (Bond et al., 
1998). The lower degree of phosphorylation of a unique site at 
the activation-peptide amino acid serine 158 and the lower 
degree of sulfation of tyrosine 155 have been assigned to the 
lower in-vivo recovery of rFIX (White et al., 1997: Kaufman, 
1998), although experimental evidence to proof this assump 
tion has not been published to-date. These two modifications 
were identified to occur at less than 15% for the tyrosine 
sulfation and at less than 1% for the serine phosphorylation in 
the recombinant protein, whereas the plasma derived protein 
has both modifications to more than 90% completed. Similar 
pharmacokinetic properties to BenefixTM were found for 
myotube-synthesized rPIX after adeno-associated viral vec 
tor mediated gene delivery in a mouse model (Arruda et al., 
2001). 

Post-translational modifications such as Sulfation and/or 
phosphorylation are affected by the cell line as well as the 
culture conditions used in the large Scale production of 
recombinant proteins (Kaufman, 1998). 

Therefore, a strong need exists for purification methods of 
rFIX from cell culture supernatants which allow an enrich 
ment of molecules which have been post-translationally 
modified by sulfation and/orphosphorylation. Such new puri 
fication methods would allow to provide rFIX preparations 
which have an improved in vivo recovery and thus, could be 
administered in lower doses than the preparations used in the 
prior art. 

SUMMARY OF THE INVENTION 

The present invention relates to a method for the purifica 
tion of rPIX comprising the steps of loading a composition 
comprising a rPIX onto an anion exchange material, washing 
the anion exchange material using a wash buffer which has a 
salt concentration of more than 200 mM, eluting the rFIX 
from the anion exchange material using an elution buffer 
comprising divalent cations, and collecting the eluate. The 
purification according to the invention provides a method to 
enrich rRIX molecules which have been posttranslationally 
modified by sulfation and/or phosphorylation. 
The present invention further relates to compositions com 

prising rEIX obtained by the method according to this inven 
tion. Said compositions comprise an increased relative 
amount of monosulfated and/or monophosphorylated rFIX 
molecules compared to the relative amount of monosulfated 
and/or monophosphorylated rEIX present in the wash frac 
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tion. In one example, said compositions comprise a relative 
amount of at least 20% of monosulfated and/or monophos 
phorylated rFIX molecules. 

DETAILED DESCRIPTION OF THE INVENTION 5 

One aspect of the present invention relates to a method for 
the purification of rEIX comprising the steps of 

a) loading a composition comprising a rPIX onto an anion 
exchange material, 10 

b) washing the anion exchange material using a wash 
buffer which has a salt concentration of more than 200 
mM, 

c) eluting the rFIX from the anion exchange material using 
an elution buffer comprising divalent cations, and 15 

d) collecting the eluate. 
According to the present invention, the term “recombinant 

FIX' does not underlie a specific restriction and may include 
any recombinant FIX protein, heterologous or naturally 
occurring, obtained via recombinant DNA technology, or a 20 
biologically active derivative thereof. In certain embodi 
ments, the term encompasses proteins and nucleic acids, e.g., 
gene, pre-mRNA, mRNA, and polypeptides, polymorphic 
variants, alleles, mutants, and interspecies homologs that: (1) 
have an amino acid sequence that has greater than about 60%. 25 
amino acid sequence identity, 65%, 70%, 75%, 80%, 85%, 
90%, 91%, 92%, 93%, 94%, 95%,96%.97%, 98% or 99% or 
greater amino acid sequence identity, over a region of at least 
about 25, 50, 100, 200, 300, 400, 450, or more amino acids 
(up to the full length sequence), to a polypeptide encoded by 30 
a referenced nucleic acid oranamino acid sequence described 
herein; (2) specifically bind to antibodies, e.g., polyclonal 
antibodies, raised against an immunogen comprising a refer 
enced amino acid sequence as described herein immunogenic 
fragments thereof, and conservatively modified variants 35 
thereof; (3) specifically hybridize under stringent hybridiza 
tion conditions to a nucleic acid encoding a referenced amino 
acid sequence as described herein, and conservatively modi 
fied variants thereof; (4) have a nucleic acid sequence that has 
greater than about 95%, greater than about 96%, 97%, 98%, 40 
99%, or higher nucleotide sequence identity, over a region of 
at least about 25, 50, 100, 150, 200, 250, 500, 1000, 2000, 
2500 or more nucleotides (up to the full length sequence), to 
a reference nucleic acid sequence as described herein. A 
polynucleotide or polypeptide sequence is typically from a 45 
mammal including, but not limited to, primate, e.g., human; 
rodent, e.g., rat, mouse, hamster, cow, pig, horse, sheep, or 
any mammal. The nucleic acids and proteins of the invention 
are recombinant molecules (e.g., heterologous and encoding 
the wild type sequence or a variant thereof, or non-naturally 50 
occurring). Reference polynucleotide and polypeptide 
sequences include, e.g., Accession Nos. NM 000133; 
BC109214; BC109215; J00137P M11309; and J00136 (see, 
e.g., Mammalian Gene Collection Program Team, PNAS 
USA 99:16899-16903 (2002); Autin et al., J. Thromb. Hae- 55 
most. 3:2044-2056 (2005); Jaye et al., NAR 11:2325-2335 
(1983); McGraw et al., PNAS 82:2847-2851 (1985) Choo et 
al., Nature 299:178-180 (1982); and Kurachi and Davie, 
PNAS 79:6461-6464 (1982)). In one embodiment, there are 2 
point mutations in the Factor IX nucleic acid sequence as 60 
compared to NM 000133: position 57: CTT->CTC 
Leu->Leu (no amino acid change); and position 580: 
ACT->GCT Thr->Ala (amino acid change). 
The term “recombinant' when used with reference, e.g., to 

a cell, or nucleic acid, protein, or vector, indicates that the cell, 65 
nucleic acid, protein or vector, has been modified by the 
introduction of a heterologous or non-naturally occurring 

4 
nucleic acid or protein, or the alteration of a native nucleic 
acid or protein, or that the cell is derived from a cell so 
modified. Thus, for example, recombinant cells express genes 
that are not found within the native (non-recombinant) form 
of the cell, or express wild type and variant genes that are not 
in the native position in the genome of the cell, or express 
native genes that are otherwise abnormally expressed, under 
expressed or not expressed at all. 
The term "heterologous' when used with reference to por 

tions of a nucleic acid indicates that the nucleic acid com 
prises two or more Subsequences that are not found in the 
same relationship to each other in nature. In one example, this 
term refers to a nucleic acid that is not in its native position in 
the genome. In another example, the nucleic acid is recom 
binantly produced, having two or more sequences from unre 
lated genes arranged to make a new functional nucleic acid, 
e.g., a promoter from one source and a coding region from 
another source. Similarly, a heterologous protein indicates 
that the protein comprises two or more Subsequences that are 
not found in the same relationship to each other in nature (e.g., 
a fusion protein), or that it is a protein derived from a heter 
ologous nucleic acid. 
The phrase “stringent hybridization conditions” refers to 

conditions under which a probe will hybridize to its target 
Subsequence, typically in a complex mixture of nucleic acids, 
but to no other sequences. Stringent conditions are sequence 
dependent and will be different in different circumstances. 
Longer sequences hybridize specifically at higher tempera 
tures. An extensive guide to the hybridization of nucleic acids 
is found in Tijssen, Techniques in Biochemistry and Molecu 
lar Biology Hybridization with Nucleic Probes, "Overview 
of principles of hybridization and the strategy of nucleic acid 
assays” (1993). Generally, stringent conditions are selected to 
be about 5-10°C. lower than the thermal melting point (Tm) 
for the specific sequence at a defined ionic strength pH. The 
Tm is the temperature (under defined ionic strength, pH, and 
nucleic concentration) at which 50% of the probes comple 
mentary to the target hybridize to the target sequence at equi 
librium (as the target sequences are present in excess, at Tm, 
50% of the probes are occupied at equilibrium). Stringent 
conditions may also be achieved with the addition of desta 
bilizing agents such as formamide. For selective or specific 
hybridization, a positive signal is at least two times back 
ground, or 10 times background hybridization. Exemplary 
stringent hybridization conditions can be as following: 50% 
formamide, 5xSSC, and 1% SDS, incubating at 42°C., or, 
5xSSC, 1% SDS, incubating at 65° C., with washin 0.2xSSC, 
and 0.1% SDS at 65° C. 
The terms “identical' or percent “identity, in the context 

of two or more nucleic acids or polypeptide sequences, refer 
to two or more sequences or Subsequences that are the same or 
have a specified percentage of amino acid residues or nucle 
otides that are the same (i.e., about 60% identity, 65%, 70%, 
75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 
97%, 98%, 99%, or higher identity over a specified region, 
when compared and aligned for maximum correspondence 
overa comparison window or designated region) as measured 
using a BLAST or BLAST 2.0 sequence comparison algo 
rithms with default parameters described below, or by manual 
alignment and visual inspection (see, e.g., NCBI web site or 
the like). Such sequences are then said to be “substantially 
identical.” This definition also refers to, or may be applied to, 
the complement of a test sequence. The definition also 
includes sequences that have deletions and/or additions, as 
well as those that have substitutions. As described below, the 
algorithms can account for gaps and the like. Identity exists 
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over a region that is at least about 25 amino acids or nucle 
otides in length, or over a region that is 50-100 amino acids or 
nucleotides in length. 

For sequence comparison, typically one sequence acts as a 
reference sequence, to which test sequences are compared. 
When using a sequence comparison algorithm, test and ref 
erence sequences are entered into a computer, Subsequence 
coordinates are designated, if necessary, and sequence algo 
rithm program parameters are designated. Default program 
parameters can be used, or alternative parameters can be 
designated. The sequence comparison algorithm then calcu 
lates the percent sequence identities for the test sequences 
relative to the reference sequence, based on the program 
parameters. 
A “comparison window', as used herein, includes refer 

ence to a segment of any one of the number of contiguous 
positions selected from the group consisting of from 20 to 
600, usually about 50 to about 200, more usually about 100 to 
about 150 in which a sequence may be compared to a refer 
ence sequence of the same number of contiguous positions 
after the two sequences are optimally aligned. Methods of 
alignment of sequences for comparison are well-known in the 
art. Optimal alignment of sequences for comparison can be 
conducted, e.g., by the local homology algorithm of Smith & 
Waterman, Adv. Appl. Math. 2:482 (1981), by the homology 
alignment algorithm of Needleman & Wunsch, J. Mol. Biol. 
48:443 (1970), by the search for similarity method of 
Pearson & Lipman, Proc. Natl. Acad. Sci. USA 85:2444 
(1988), by computerized implementations of these algo 
rithms (GAP, BESTFIT, FASTA, and TFASTA in the Wis 
consin Genetics Software Package, Genetics Computer 
Group, 575 Science Dr. Madison, Wis.), or by manual align 
ment and visual inspection (see, e.g., Current Protocols in 
Molecular Biology (Ausubel et al., eds. 1995 supplement)). 
An example of algorithm that is Suitable for determining 

percent sequence identity and sequence similarity are the 
BLAST and BLAST 2.0 algorithms, which are described in 
Altschul et al., Nuc. Acids Res. 25:3389-3402 (1977) and 
Altschul et al., J. Mol. Biol. 215:403-410 (1990), respec 
tively. BLAST and BLAST 2.0 are used, with the parameters 
described herein, to determine percent sequence identity for 
the nucleic acids and proteins of the invention. Software for 
performing BLAST analyses is publicly available through the 
National Center for Biotechnology Information. This algo 
rithm involves first identifying high scoring sequence pairs 
(HSPs) by identifying short words of length W in the query 
sequence, which either match or satisfy some positive-valued 
threshold score T when aligned with a word of the same 
length in a database sequence. T is referred to as the neigh 
borhood word score threshold (Altschul et al., supra). These 
initial neighborhood word hits act as seeds for initiating 
searches to find longer HSPs containing them. The word hits 
are extended in both directions along each sequence for as far 
as the cumulative alignment score can be increased. Cumu 
lative scores are calculated using, for nucleotide sequences, 
the parameters M (reward score for a pair of matching resi 
dues; always >0) and N (penalty score for mismatching resi 
dues; always <0). Foramino acid sequences, a scoring matrix 
is used to calculate the cumulative score. Extension of the 
word hits in each direction are halted when: the cumulative 
alignment score falls off by the quantity X from its maximum 
achieved value; the cumulative score goes to Zero or below, 
due to the accumulation of one or more negative-scoring 
residue alignments; or the end of either sequence is reached. 
The BLAST algorithm parameters W.T. and X determine the 
sensitivity and speed of the alignment. The BLASTN pro 
gram (for nucleotide sequences) uses as defaults a wordlength 
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6 
(W) of 11, an expectation (E) of 10, M=5, N=-4 and a com 
parison of both strands. For amino acid sequences, the 
BLASTP program uses as defaults a wordlength of 3, and 
expectation (E) of 10, and the BLOSUM62 scoring matrix 
(see Henikoff & Henikoff, Proc. Natl. Acad. Sci. USA 
89:10915 (1989)) alignments (B) of 50, expectation (E) of 10, 
M=5, N=-4, and a comparison of both strands. 
As used herein, the term “biologically active derivative' 

includes any derivative of a protein, protein complex or 
polypeptide having Substantially the same functional and/or 
biological properties of the rFIX such as binding properties, 
and/or the same structural basis, Such as a peptidic backbone. 
Minor deletions, additions and/or substitutions of amino 
acids of the polypeptide sequence of the rFIX which are not 
altering the biological activity of said polypeptide are also 
included in the present application as biologically active 
derivatives. 
The rFIX according to the present invention may be 

derived from any vertebrate, e.g. a mammal. In one specific 
example of the present invention, the rFIX is human FIX. 
The rFIX according to the present invention may be pro 

duced by any method known in the art. This may include any 
method known in the art for the production of recombinant 
DNA by genetic engineering, e.g. via reverse transcription of 
RNA and/or amplification of DNA. Additionally, the recom 
binant DNA coding for the rFIX, e.g. a plasmid, may also 
contain a DNA sequence encoding a selectable marker for 
selecting the cells which have been successfully transfected 
with the plasmid. In an example of the present invention, the 
plasmid may also conferresistance to a selectable marker, e.g. 
to the antibiotic drug G418, by delivering a resistance gene, 
e.g. the neo resistance gene conferring resistance to G418. 
The production of rEIX may include any method known in 

the art for the introduction of recombinant DNA into eukary 
otic cells by transfection, e.g. via electroporation or microin 
jection. For example, the recombinant expression of human 
FIX can be achieved by introducing an expression plasmid 
containing the human FIX encoding DNA sequence under the 
control of one or more regulating sequences such as a strong 
promoter, into a Suitable host cell line by an appropriate 
transfection method resulting in cells having the introduced 
sequences stably integrated into the genome. The calcium 
phosphate co-precipitation method is an example of a trans 
fection method which may be used according to the present 
invention. 
The production of rEIX may also include any method 

known in the art for the cultivation of said transformed cells, 
e.g. in a continuous or batchwise manner, and the expression 
of the rFIX, e.g. constitutive or upon induction. In one spe 
cific example of the present invention the nucleic acid coding 
for the rFIX contained in the host organism of the present 
invention is expressed via an expression mode selected from 
the group consisting of induced, transient, and permanent 
expression. Any expression system known in the art or com 
mercially available can be employed for the expression of a 
recombinant nucleic acid encoding the FIX protein, including 
the use of regulatory systems such as Suitable, e.g. control 
lable, promoters, enhancers etc. 
The production of rEIX may also include any method 

known in the art for the isolation of the protein, e.g. from the 
culture medium or by harvesting the transformed cells. For 
example, the rFIX producing cells can be identified by iso 
lating single-cell derived populations i.e. cell clones, via dilu 
tion after transfection and optionally via addition of a selec 
tive drug to the medium. After isolation the identified cell 
clones may be cultivated until confluency in order to enable 
the measurement of the rFIX content of the cell culture super 
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natant by enzyme-linked immuno-Sorbent assay (ELISA) 
technique. Additionally, rRIX secreted by the cells may be 
identified for example by growing the cells in the absence of 
any growth promoting fetal bovine serum or components 
thereof. Vitamin K is added at appropriate concentrations to 
improve the functional properties of the rFIX. In one specific 
example of the present invention, the Supernatant is harvested 
24 hours after transfection. After identification, high rEIX 
protein producing cell clones may for example be further 
propagated and/or stored via cryopreservation. In one 
example of the present invention, the rFIX is co-expressed 
with vitamin Kreductase complex subunit 1 (VKORC1) and/ 
or furin. Examples of the coexpression of FIX with VKORC1 
are described in WO06/0896.13. 
The host cell type according to the present invention may 

be any mammalian cell with the ability to perform the phos 
phorylation and/or Sulfation as posttranslational modifica 
tions of rEIX. For example said mammalian cell is derived 
from a mammalian cell line, like for example a cell line 
selected from the group consisting of SkHep-, CHO 
HEK293-, and BHK-cells. In a specific example of the 
present invention, rRIX is expressed in HEK293-derived 
cells. 

In one specific example of the present invention, the rFIX 
according to the present invention is expressed in a host cell 
type with the ability to perform the phosphorylation and/or 
Sulfation as posttranslational modifications. The ability to 
phosphorylate and/or sulfate corresponding residues of rEIX 
protein expressing host cell lines may be for example ana 
lyzed by mass-spectrometric analysis of the rFIX derived 
from these cell lines. For example, cell clones exhibiting the 
ability to add phosphorus-containing groups and/or sulfur 
containing groups to the synthesized rPIX molecules, may be 
identified by determining the percentage of phosphorylated 
and/or sulfated rEIX protein molecules by MS after chro 
matographic purification of rFIX from cell culture superna 
tants as described above. The conversion of collected rFIX 
protein preparations into peptides may be achieved, e.g. by 
tryptic digestion, optionally followed by an enzymatical 
removal of glycosidic residues. In the following, the peptides 
may be separated, e.g. by reversed phase HPLC, and analyzed 
by ESI-QTOF-MS. The degree of phosphorylated/non-phos 
phorylated and/or sulfated/non-sulfated peptide may be esti 
mated by quantification of corresponding signals. 
The term “phosphorylated and/or sulfated rEIX' refers to 

the protein molecules which are posttranslationally modified 
by phosphorylation and/or Sulfation. The degree of phospho 
rylation and/or sulfation can be determined by mass spec 
trometry (MS), e.g., electrospray-ionization quadrupole time 
of flight mass spectrometry (ESI-QTOF-MS) and can be 
expressed, for example, in the percentage of monophospho 
rylated and/or monosulfated rFIX. For example, when mea 
sured with ESI-QTOF-MS, the percentage of monophospho 
rylated and monosulfated rFIX in a plasma derived FIX 
sample used as a standard is about 98%. 
As used herein, the term "monosulfated and/or monophos 

phorylated rEIX” means that the rFIX molecule is poststrans 
lationally modified by sulfation at tyrosine 155 and/or by 
phosphorylation at serine 158. Accordingly, a "monosulfated 
or monophosphorylated’ rFIX is a rEIX molecule which is 
either sulfated at tyrosine 155 or phosphorylated at serine 
158. A "monosulfated and monophosphorylated rFIX is a 
rFIX molecule which is sulfated at tyrosine 155 as well as 
phosphorylated at serine 158. 

For the determination of monosulfated and/or monophos 
phorylated molecules, the rFIX is deglycosylated and treated 
with trypsin (as already mentioned above). The tryptic pep 
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8 
tides are measured by HPLC-MS (QTOF micro coupled to a 
HP HPLC 1100) focusing on the peptide aa146-180 with a 
molecular mass of appr. 3968 Da in no-modified and ungly 
coslyated form. This peptide carries the amino acids tyrosine 
155, which is the target for sulfation, and serine 158, which is 
the target for phosphorylation. In total this peptide represents 
the activation peptide that is removed from FIX during acti 
vation. Sulfated and/or phosphorylated forms of this peptide 
have a shift in the molecular mass of 80 Da leading to a 
peptide mass of the mono-modified form of appr. 4048 Da 
(mono-sulfated or mono-phosphorylated) or a peptide mass 
of the di-modified form of appr. 4128 Da (mono-sulfated and 
mono-phosphorylated). By conventional mass spectroscopy 
one cannot distinguish between mass increase caused by Sul 
fation or phosphorylation which would require a high reso 
lution method and equipment. 

There is no particular limitation to the media, reagents and 
conditions used for culturing the cells. The cells can be cul 
tured in a continuous or batchwise manner. In one example of 
the present invention the cells are cultured under serum-free 
or serum- and protein-free conditions. In a further example of 
the present invention conditions are employed under which 
cells that contain a recombinant nucleic acid coding for rPIX 
are selectively proliferated, e.g. by using a selective medium. 
The term “composition comprising a rFIX' as used herein 

may be a supernatant of a cell culture as described above. The 
Supernatant may be obtained by centrifugation of the cell 
culture medium. In another embodiment, said cell culture 
Supernatant may be pre-purified by at least one additional 
purification step, e.g. filtration, ultra-diafiltration, membrane 
filtration, depth filtration, precipitation, cross-flow microfil 
tration, hollow fiber microfiltration, expanded bed adsorption 
(EBA) capture. EBA capture does not require cell removal 
prior to the capture step. 

Said composition comprising a rPIX may have a salt con 
centration of 80 to 200 mM. In an embodiment, the concen 
tration of said salt in the composition comprising a rPIX is 
110 to 170 mM, in a further example 120 to 160 mM, and in 
still another example 150 mM. 
As used herein, the term “salt' includes, for example, 

Sodium salts (e.g. sodium chloride, sodium sulfate, Sodium 
phosphate), or potassium salts (e.g. potassium chloride, 
potassium sulfate, potassium phosphate). All given salt con 
centrations refer to salts having monovalent anions (e.g. chlo 
ride salts), if not otherwise stated. If salts with polyvalent 
anions are used (e.g. Sulfate or phosphate), the salt concen 
tration should be respectively lower. Furthermore, the given 
salt concentrations refer to a buffer comprising 20 mM Tris 
and having a pH of 7.4. If other buffering agents and or other 
concentrations are used, the salt concentration has to be 
adapted accordingly. If, for example, the buffer is a Tris/HCl 
buffer system with a higher Tris concentration (and thus, 
higher HC1 concentration), the concentration of the Cl 
anions already present might reduce the concentration of the 
salt (e.g. NaCl) added to the wash buffer. The more ions, 
especially anions, are already present in the buffer, the less 
salt is needed. 

In an embodiment, said composition comprising arFIX has 
a conductivity of 9 to 20 mS/cm at 25°C. In another embodi 
ment, said composition comprising a rPIX has a conductivity 
of 11 to 18 mS/cm at 25°C.; and in still another embodiment, 
said composition comprising a rPIX has a conductivity of 12 
to 16 mS/cm at 25° C. 
The conductivity referred to in the present invention can be 

measured, for example, by using a state-of-the-art conductiv 
ity meter (e.g. from Mettler Toledo or Sartorius, with a 4-ring 
conductivity cell) that is equipped with a conductivity elec 
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trode, a meter and standard solutions for calibration. When 
applying a certain Voltage, the current passing the solution is 
measured. Said current is proportional to the ions present in 
the conducting solution. The meter then gives you the con 
ductivity of the solution in mS/cm either at the temperature 
of measurement or the meter calculates the conductivity for a 
certain reference temperature that is usually 25°C. using a 
temperature coefficient alpha of 2%. 

In an example, the composition comprising rPIX has a pH 
of 6 to 9, in a further example 7 to 8, in still another example 
a pH of 7.3 to 7.5, and in yet another example a pH of 7.4. 

In a further embodiment, the composition comprising a 
rFIX may further comprise a protease inhibitor in a concen 
tration of 0.1-10 mM. Said protease inhibitor may be added to 
the cell culture Supernatant prior to loading. 
As used herein, the term “protease inhibitor includes e.g. 

benzamidine and aprotinin. 
The composition comprising a rEIX may further comprise 

at least one chelating agent in a concentration Sufficient to 
remove any divalent cations, e.g. 0.1 to 10 mM. 
The term “chelating agent” as used herein, includes citrate, 

ethylene diamine, EDTA (ethylene-dinitrilo-tetraacetic acid), 
EGTA (ethylene-glycol-bis-N,N'-tetraacetic acid), NTA (ni 
trilo-triacetic acid), DTPA (diethylene-triamine-pentaacetic 
acid), CDTA (cyclohexylene-(1,2)-dinitrilo-tetraacetic acid), 
3,6-dioxa-octamethylene-dinitrilo-tetraacetic acid, HEDTA 
(N-(2-hydroxyethyl)-ethylene-diamine-triacetic acid) or 
other acetic acid variants. 

In an embodiment of the invention, the composition com 
prising a rPIX comprises 2 to 5 mM of a chelating agent. In 
another embodiment, said composition comprises 4 to 5 mM 
EDTA (ethylene-dinitrilo-tetraacetic acid). The chelating 
agent may be added to the cell culture Supernatant prior to 
loading. 

In one embodiment, the composition comprising a rPIX 
may be diluted with a dilution buffer prior to application to the 
column. Said dilution buffer may comprise a buffering agent 
(e.g. Tris, HEPES, Imidazole, Histidine, Phosphate, MOPS). 
Furthermore, said dilution buffer may comprise a salt in a 
concentration of 80 to 200 mM. In one example, the dilution 
buffer comprises a salt in a concentration of 120 to 160 mM. 
The composition comprising rEIX has a pH of 6 to 9, in a 
further example 7 to 8, in still another example a pH of 7.3 to 
7.5, and in yet another example a pH of 7.4. The dilution 
buffer may further comprise a chelating agent in a concentra 
tion of 0.1-10 mM (e.g. 2 mM), and optionally a protease 
inhibitor in a concentration of 0.1-10 mM. In one example, 
the composition comprising a rEIX is diluted with 0.33 vol 
umes of the dilution buffer (related to the volume of the load 
Solution, i.e. the composition comprising rPIX which is to be 
loaded onto the anion exchange material). 
The composition comprising arFIX may be loaded onto an 

anion exchange column at a protein density of 0.1-50 mg FIX 
antigen/ml resin. In an embodiment of the invention, the 
composition comprising a rPIX is loaded onto the anion 
exchange column with 100 CVs. 

Suitable anion exchange materials include resins having a 
positively charged group at a neutral pH. Such as diethyleami 
noethane (DEAE), polyethyleneimine (PEI), and quaternary 
aminoethane (QAE) and include Q-Sepharose Fast Flow, 
DEAE-Sepharose Fast Flow, POROS-Q, DEAE-Toyopearl, 
QAE-Toyopearl, Fractogel TMAE, Fractogel-DMAE, Frac 
togel EMDTMAE, Matrex Cellufine DEAE and the like. In 
an embodiment, the anion exchange material is a tentacle 
type resin as described for example in EP 0337144. In one 
example, the anion exchange material is Fractogel EMD 
TMAE 65O. 
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10 
Columns, bed volumes and flow rates useful in the present 

invention depend on the scale (Lab scale, Pilot or Commercial 
scale), the resin, and the hardware. Maximum flow rates can 
be obtained from the manufacturer of the resins. 

According to the present invention, said anion exchange 
materials are used in the pseudo-affinity mode as described, 
e.g. in EP363126 and U.S. Pat. No. 5,714,583. 

In another embodiment, the method of the present inven 
tion further comprises an equilibration step prior to loading of 
the composition comprising a rEIX onto an anion exchange 
material. The equilibration buffer used in said equilibration 
step may comprise a neutral buffer (e.g. Tris, pH 7.4) and may 
comprise a salt in a concentration of 80 to 200 mM. In an 
embodiment, the equilibration buffer comprises a salt in a 
concentration of 120 to 160 mM, in another embodiment in a 
concentration of 150 mM. The equilibration buffer may fur 
ther comprise a chelating agent in a concentration of 0.1 to 10 
mM (e.g. 2 mM), and/or a protease inhibitor in a concentra 
tion of 0.1 to 10 mM. The equilibration buffer may further 
comprise a nonionic Surfactant, such as e.g. polyethylene 
glycol p-(1,1,3,3-tetramethylbutyl)-phenyl ether (Triton(R) 
X-100), e.g. in a concentration of 0.01 to 0.1%. The equili 
bration step may be conducted with a volume of 1 to 100 CVs, 
e.g. with 2, 4 or 5 CVs. The equilibration buffer may have a 
conductivity of 0.5 to 12 mS/cm at 25°C. In an example, it has 
a conductivity of 1 to 8 mS/cm at 25°C. In another example, 
the conductivity of the equilibration buffer is 2.11 mS/cm at 
25°C. The conductivity of the equilibration buffer should not 
exceed the conductivity of the load buffer. In an embodiment 
of the invention, the equilibration buffer comprises 20 mM 
Tris, 2 mM EDTA, and 0.1% Triton X-100, and the equili 
bration buffer has a pH of 7.4 and a conductivity of 2.11 
mS/cm at 25° C. 
The treatment of the chromatography column with said 

equilibration buffer can be repeated at least once after the load 
step or any Subsequent chromatography step as a re-equili 
bration. In one embodiment, such a re-equilibration is con 
ducted Subsequent to the load step, and/or any wash step. 
The anion exchange material loaded with the composition 

comprising a rFIX can be washed using a wash buffer which 
has a salt concentration of more than 200 mM (High Salt 
Wash Buffer). Said High Salt Wash Buffer may comprise a 
salt (e.g. sodium chloride) in a concentration of 201 to 220 
mM. In an example, the High Salt Wash Buffer comprises 220 
mM sodium chloride. Said High Salt Wash Buffer may fur 
ther comprise a buffering agent (e.g. Tris) in a concentration 
of 2-100 mM. In one embodiment, the High Salt Wash Buffer 
comprises a buffering agent in a concentration of 20-50 mM. 
The High Salt Wash Buffer may have a pH of 6 to 9. In an 
example, said High Salt Wash Buffer has a pH of 7 to 8; in 
another example said High Salt Wash Buffer has a pH of 7.3 
to 7.5; and in still another example said High Salt Wash Buffer 
has a pH of 7.4. 

In a further embodiment, said High Salt Wash Buffer may 
comprise at least one protease inhibitor in a concentration of 
0.1 to 10 mM. 

In still another embodiment, said High Salt Wash Buffer 
may further comprise at least one chelating agent in a con 
centration Sufficient to remove any divalent cations. In one 
embodiment, said High Salt Wash Buffer comprises 0.1 to 10 
mM of a chelating agent. In another embodiment, said High 
Salt Wash Buffer comprises 1 to 2 mM of a chelating agent, 
e.g. EDTA. 
The High Salt Wash Buffer may further comprise a non 

ionic Surfactant. Such as e.g. polyethylene glycol p-(1,1,3,3- 
tetramethylbutyl)-phenyl ether (Triton(R) X-100), e.g. in a 
concentration of 0.01 to 0.1%. 



US 8,399,632 B2 
11 

In another embodiment, said High Salt Wash Buffer has a 
conductivity of 15 to 24 mS/cm at 25°C. In still another 
embodiment, said High Salt Wash Buffer has a conductivity 
of 19 to 22+1 mS/cm at 25°C.; and in yet another embodi 
ment, said High Salt Wash Buffer has a conductivity of at least 
21 mS/cm at 25°C. In an example, the High Salt Wash Buffer 
has a conductivity of 21+1 mS/cm at 25° C. In another 
example, the High Salt Wash Buffer has a conductivity of 
221 mS/cm at 25° C. 
The High Salt Wash Buffer may be applied onto the anion 

exchange column with a volume of 1 to 100 column volumes 
(CVs). In one example, said High Salt Wash Buffer is applied 
onto the anion exchange column with a volume of 10-25CVs: 
in another example said High Salt Wash Buffer is applied onto 
the anion exchange column with a volume of 16+2 CVs, in 
still another example said High Salt Wash Buffer is applied 
onto the anion exchange column with a volume of 20+2 CVs. 

In one example of the invention, the High Salt Wash Buffer 
comprises 20 mM Tris, 220 mM sodium chloride, 1 mM 
EDTA and has a pH of 7.4 and a conductivity of 21 mS/cm at 
250 C. 

In another example of the invention, the High Salt Wash 
Buffer fraction is collected after having passed the anion 
exchange material. 

The term “High Salt Wash Buffer fraction” as used herein 
refers to the High Salt Wash Buffer which has been collected 
after having passed the anion exchange material. The content 
of monosulfated and/or monophosphorylated rFIX mol 
ecules of said High Salt Wash Buffer fraction can be deter 
mined as described above. The amount of monosulfated and/ 
or monophosphorylated rFIX molecules of said High Salt 
Wash Buffer fraction may be compared to the amount of 
monosulfated and/or monophosphorylated rEIX present in 
the composition comprising rPIX and/or the purified compo 
sition comprising rPIX. 

Said wash step using a High Salt Wash Buffer may be 
conducted after the loading of the column, either Subsequent 
to the loading or after additional steps. 

In an embodiment, the above described wash step with a 
High Salt Wash Buffer can be repeated at least once. 

In another embodiment, the method optionally comprises 
at least one additional wash step using a wash buffer (e.g. Tris 
buffer, pH 7.4) which has a salt concentration lower than the 
High Salt Wash Buffer (Lower Salt Wash Buffer). 

In an example, said Lower Salt Wash Buffer comprises a 
salt (e.g. sodium chloride) in a concentration of 200 mM. In 
another example, the High Salt Wash Buffer comprises a salt 
(e.g. sodium chloride) in a concentration of 220 mM and the 
Lower Salt Wash Buffer comprises a salt (e.g. sodium chlo 
ride) in a concentration of 200 mM. In one example, the 
Lower Salt Wash Buffer has a conductivity of 20+ 1 mS/cm at 
25°C. Said Lower Salt Wash Buffer may further comprise at 
least one chelating agent and/or at least one protease inhibitor. 
Said wash step using the Lower Salt Wash Buffer may be 
conducted with a volume of 1 to 100 CVs, e.g. 5 to 10 CVs. 
Specific examples of said Lower Salt Wash Buffer, the buff 
ering agents and their concentration, the pH, the column 
volumes and concentrations of further buffer components 
(e.g. chelating agents, protease inhibitors) are corresponding 
to the examples and embodiments of the High Salt Wash 
Buffer (as described above). According to the method of the 
invention, said additional wash step using the Lower Salt 
Wash Buffer may be conducted prior or subsequent to the 
wash step with the High Salt Wash Buffer. In one embodi 
ment, the at least one optional wash step using the Lower Salt 
Wash Buffer may be conducted between steps a) and b) of the 
method as claimed in claim 1. 
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In an embodiment, said Lower Salt Wash Buffer has a 

conductivity equal to or higher than the loaded composition 
comprising a rPIX, lower than the wash step with the High 
Salt Wash Buffer, and higher than the elution buffer. 

Following the at least one wash step, a conditioning step 
may be conducted. Such a conditioning step should be con 
ducted especially in preparation of a gradient elution as speci 
fied below. Thus, in an embodiment of the invention, the 
conditioning step is conducted with the one of the two gradi 
ent elution buffers having the lower conductivity (Gradient 
Buffer A). For said conditioning step, 1 to 10 CVs of the 
gradient buffer as described above (e.g. Gradient Buffer A) 
may be applied onto the column. In an example, the condi 
tioning step is conducted with a volume of 1 to 4CVs, in still 
another example with 2 CVs. 
The method of the present invention further comprises a 

step of eluting the rFIX from the anion exchange material 
using an elution buffer comprising divalent cations, e.g. Ca". 
For example, said elution buffer may comprise a calcium salt 
(e.g. CaCl) in an amount of 0.5 to 10 mM. In one example, 
said elution buffer may comprise a calcium salt in an amount 
of 2 to 5 mM. Other useful divalent cations may be selected 
from the group consisting of magnesium, manganese, stron 
tium, zinc, cobalt, and nickel. Useful salts are e.g. chloride 
salts (MgCl, CaCl, SrC1, ZnCl2, CoCl2, NiCl), or acetate 
salts, such as e.g. Mg(CHCOO)), Ca(CHCOO)), 
Sr(CHCOO)), Zn(CHCOO)), Co(CHCOO)), 
Ni(CHCOO)). 
The elution of the product (i.e. the dissociation of the rFIX 

from the anion exchange resin) is effected by the addition of 
said divalent cations. Therefore, the conductivity of the elu 
tion buffer is not the key condition for elution. Thus, the 
conductivity of the elution buffer can be lower than the con 
ductivity of the wash steps. 

In an example, the elution buffer comprises a buffering 
agent (e.g. Tris, HEPES, Imidazole. Histidine, Phosphate, 
MOPS) in a concentration of 2-100 mM. In one example, the 
elution buffer comprises a buffering agent in a concentration 
of 20-50 mM. 
The elution buffer may have a pH of 6 to 9. In one embodi 

ment, the elution buffer has a pH of 7 to 8, in another embodi 
ment a pH of 7.3-7.5, and in still another embodiment a pH of 
7.4 
The elution buffer may further comprise a salt, such as 

chloride salts (e.g. sodium chloride or potassium chloride). 
Said chloride salt can be present in an amount of 80-200 mM. 
In an example, the elution buffer comprises a chloride salt in 
a concentration of 150-190 mM, in another example the elu 
tion buffer comprises a chloride salt in a concentration of 180 
mM. 

In one embodiment of the invention, the elution buffer may 
comprise a protease inhibitor in a concentration of 0.1-10 
mM. 
The elution buffer may further comprise a nonionic surfac 

tant, Such as e.g. polyethylene glycol p-(1,1,3,3-tetramethyl 
butyl)-phenyl ether (Triton RX-100). 

In another embodiment, the elution buffer may have a 
conductivity of 10-20 mS/cm at 25°C., in another embodi 
ment it has a conductivity in the range of 15-19 mS/cm at 25° 
C., and in still another embodiment it has a conductivity of 
18+1 mS/cm at 25°C. In an example, the elution buffer may 
have a conductivity of at least 10 mS/cm at 25°C. 

Elution may be conducted with a volume of 2-50 CVs. In 
one embodiment, elution is conducted with a volume of 3-5 
CVs. In another embodiment, elution is conducted with a 
volume of 3 CVs. 
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In one embodiment of the present invention, the elution 
buffer comprises 20 mM Tris, 180 mM sodium chloride, 2 to 
5 mM CaCl, and has a pH of 7.4, and has a conductivity of 
18-1 mS/cm at 25° C. 

In one embodiment of the present invention, the elution 
buffer has a lower conductivity than the High Salt Wash 
Buffer. In another embodiment, the elution buffer has a lower 
conductivity than the Lower Salt Wash Buffer. In still another 
embodiment, the elution buffer has a higher conductivity than 
the composition comprising a rPIX loaded onto the anion 
exchange column (load solution). In another example, the 
elution buffer has a higher conductivity than the load solution, 
and the elution buffer has a lower conductivity than the High 
Salt Wash Buffer. In still another example, the elution buffer 
has a higher conductivity than the load solution, and the 
elution buffer has a lower conductivity than the Lower Salt 
Wash Buffer, and the Lower Salt Wash Buffer has a lower 
conductivity than the High Salt Wash Buffer. 

In another embodiment of the invention, the elution is 
conducted with a gradient of two elution buffers having dif 
ferent conductivity. In one embodiment, the elution gradient 
is a linear gradient. The gradient for elution may range, for 
example, from 100% of Gradient Buffer A and 0% of Gradi 
ent Buffer B to 0% Gradient Buffer A and 100% of Gradient 
Buffer B. However, the starting composition of the gradient 
may also be any mixture of Gradient Buffer A and Gradient 
Buffer B. The elution gradient may extend over a range of 
about 1 to about 100 CVs of buffer solution. In an example, 
the gradient elution occurs within 2 to 10 CVs, e.g. within 5 
CVS 
The steepness or slope of the gradient determines the reso 

lution of the proteins to be separated, but also the peak broad 
ening or sharpness of the peaks. It can be controlled with the 
parameters conductivity of gradient buffers A and B applied 
and length or extension of the gradient in CV or ml. 

Thus, Suitable column Volumes for the gradient depend on 
the difference of the conductivities of both gradient buffers. 
In general, the more difference between the conductivities of 
both buffers, the more column volumes should be employed 
to ensure an appropriate separation. A person skilled in the art 
can easily determine a suitable slope of the gradient, if he/she 
considers the conductivities of each gradient buffer and the 
expected conductivity at which the product elutes. The highly 
phosphorylated and/or sulfated FIX molecules are expected 
to elute at a conductivity of at least 17 mS/cm at 25° C. 
especially at approximately 18+ 1 mS/cm at 25°C. 

Gradient Buffer A may comprise a buffer substance, such 
as e.g. Tris, divalent cations (as described above). Such as e.g. 
Ca", a nonionic surfactant, such as e.g. Triton X-100, and 
may have a pH of 6 to 9. In one embodiment, Gradient Buffer 
A has a pH of 7 to 8, in another embodiment a pH of 7.3-7.5, 
and in still another embodiment a pH of 7.4. In an example, 
Gradient Buffer A comprises a calcium salt (e.g. CaCl2) in an 
amount of 0.5 to 10 mM, e.g. 2 mM. Furthermore, Gradient 
Buffer A may comprise a salt, e.g. sodium chloride. The salt 
concentration of Gradient Buffer A should be below the 
amount effecting elution of the FIX composition, e.g. about 0 
to 150 mM. Gradient Buffer A may have a conductivity of 0.5 
to 16 mS/cm at 25°C. In one example, Gradient Buffer A has 
a conductivity of 2.11 mS/cm at 25°C. The conductivity of 
the Gradient Buffer A should be lower than the conductivity 
at which the FIX composition is expected to elute. 

Gradient Buffer B may comprise a buffer substance, such 
as e.g. Tris, divalent cations (as described above). Such as e.g. 
Ca", a nonionic surfactant, such as e.g. Triton X-100, a salt, 
Such as e.g. sodium chloride, and may have a pH of 6 to 9. In 
one embodiment, Gradient Buffer B has a pH of 7 to 8, in 
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another embodiment a pH of 7.3-7.5, and in still another 
embodiment a pH of 7.4. Furthermore, Gradient Buffer B 
may comprise a calcium salt (e.g. CaCl) in an amount of 0.5 
to 10 mM, e.g. 2 mM. In an embodiment of the invention, 
Gradient Buffer B may comprise the salt, e.g. sodium chlo 
ride, in an amount of 150 to up to 1000 or 2000 mM. In one 
example, the salt concentration is 180 mM. Gradient Buffer B 
may have a conductivity of more than 15 mS/cm at 25°C. In 
one example, Gradient Buffer B has a conductivity of more 
than 18.6 mS/cm at 25°C. The conductivity of Gradient 
Buffer B may range up to 80 or 160 mS/cm at 25°C. In an 
example, Gradient Buffer B has the same ingredients in the 
same amounts as Gradient Buffer A and has also the same pH 
as Gradient Buffer A, except that Gradient Buffer B com 
prises a salt in addition (if Gradient Buffer A does not com 
prise a salt) or in a higher concentration than Gradient Buffer 
A and thus, has a higher conductivity than Gradient Buffer A. 

In one example, Gradient Buffer A comprises 20 mM Tris, 
2 mM CaCl, 0.1% Triton X-100 and has a pH of 7.48 and a 
conductivity of 2.11 mS/cm at 25°C. 

In an example, Gradient Buffer B comprises 20 mM Tris, 2 
mMCaCl, 180 mM sodium chloride, 0.1% TritonX-100 and 
has a pH of 7.40 and a conductivity of 18.6 mS/cm at 25°C. 

Following the gradient elution, the elution process may be 
completed by applying 2 CVs of Gradient Buffer B. 

Subsequent to the elution, at least one post elution step may 
be conducted by applying 2 CVs of a Post Elution Buffer. The 
Post Elution Buffer may comprise a buffer substance, such as 
e.g. Tris, a nonionic Surfactant, such as e.g. Triton X-100, a 
salt, such as e.g. sodium chloride, and may have a pH of 6 to 
9. The Post Elution Buffer should have a conductivity greater 
than Gradient Buffer B, which can range to up to 80 or 160 
mS/cm at 25°C. In an embodiment of the invention, the Post 
Elution Buffer has a conductivity of 37.7 mS/cm at 25° C. 
Furthermore, the Post Elution Buffer may comprise the salt, 
e.g. sodium chloride, in an amount greater than the Gradient 
Buffer B, which may range to up to 1000 or 2000 mM. In one 
example, the Post Elution Buffer has a salt concentration of 
400 mM. With said post elution step, protein and other con 
taminants (e.g. nucleic acids) may be removed from the col 
umn. Thus, the column may be purified from Such contami 
nants by said post elution step(s). 

In an example, the Post Elution Buffer comprises 20 mM 
Tris, 400 mM sodium chloride, 0.1% TritonX-100, and has a 
pH of 7.45 and a conductivity of 37.7 mS/cm at 25° C. 
The eluate is collected after having passed the anion 

exchange material and may be pooled according to the UV 
peak. 
The term "eluate” as used herein refers to the elution buffer 

which has been collected after having passed the anion 
exchange material and which includes the purified composi 
tion comprising rFIX. The purified composition comprising 
rFIX in the eluate is bound to the divalent cation. 
The eluate may be contacted with a resin that has an immo 

bilized chelating agent to remove the divalent cation from the 
purified composition comprising rPIX. 

Saidpurified composition comprising rFIX obtained by the 
method according to the invention may then be subjected to 
one or more further purification and/or concentration steps. 
Such further purification or concentration steps include, for 
example, hydrohobic interaction chromatography, anion 
exchange chromatography, cation exchange chromatogra 
phy, affinity chromatography, size exclusion chromatogra 
phy, mixed mode chromatography (e.g. Hydrophobic Charge 
Induction Chromatography (HCIC), and/or multimodal cat 
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ion exchange chromatography), IMAC (immobilized metal 
affinity chromatography), and phenylboronate affinity chro 
matography. 
The purified composition comprising rEIX obtained by the 

method according to the invention may be formulated as a 
pharmaceutical preparation. 

In an embodiment, the method according to the present 
invention further comprises a post elution step. The buffer 
used for said post elution step may comprise a neutral buffer 
(e.g. Tris, pH 7.4), a nonionic Surfactant (Such as e.g. Triton(R) 
X-100) and a chloride salt in a concentration of 500-2000 
mM. In one example, the buffer used for said post elution step 
may comprise a chloride salt in a concentration of 1000 mM. 
In another example, the buffer used for said post elution step 
may comprise a chloride salt in a concentration of 400 mM. 
The buffer used for said post elution step may have a pH of 7 
to 8, e.g. 7.5, and may have a conductivity of about 35 to 40 
mS/cm at 25°C., e.g. 37+1 mS/cm at 25°C. The post elution 
step may be conducted with a volume of 1-100 CVs. For 
example, the post elution step may be conducted with a Vol 
ume of 5 to 25 CVs. In one specific example, the post elution 
step may be conducted with a volume of 15 CVs. 
The purified composition comprising rPIX may be ana 

lyzed by methods known in the art for analyzing recombinant 
proteins, e.g. the ELISA technique. In addition, the protein 
integrity and activity may be assessed by measuring activated 
partial thromboplastin time (APTT) and by electrophoresis 
techniques including immuno-blotting. 

Examples for the detection systems of the phosphorylation 
and/or sulfation of rFIX are known to a person skilled in the 
art. For example, degrees of phosphorylation and/or Sulfation 
can be analyzed by Liquid Chromatography with MS (LC 
MS). It is within the knowledge of a person skilled in the art 
to choose the optimal parameters, such as buffer system, 
temperature and pH for the respective detection system to be 
used. 

The improved pharmacokinetic properties of phosphory 
lated and/or sulfated rEIX protein molecules may be con 
firmed e.g. in respective knockout mouse models. 

According to the present invention, the in vivo recovery of 
purified compositions comprising rPIX after injection into an 
individuum is the observed peak plasma concentration rela 
tive to the expected peak concentration based on body weight 
or plasma volume. It is calculated from the maximum rRIX 
concentration rise from baseline and is expressed as U/dL or 
ug/dL increase per dose (U/kg or ug/kg) injected based on 
bodyweight. If based on plasma volume, the in-vivo recovery 
can be calculated as percentage of U found per U dosed 
(Shapiro et al., 2005b). 
The present invention further relates to a purified compo 

sition comprising rPIX obtained by a method according to 
this invention. 

In one embodiment, the purified composition comprises an 
increased relative amount of monosulfated and/or monophos 
phorylated rEIX molecules compared to the relative amount 
of monosulfated and/or monophosphorylated rFIX present in 
the wash fractions. In one embodiment, the purified compo 
sition comprises an increased relative amount of monosul 
fated and/or monophosphorylated rFIX molecules compared 
to the relative amount of monosulfated and/or monophospho 
rylated rFIX present in the High Salt Wash Buffer fraction. 

In another embodiment, said purified composition com 
prises a relative amount of monosulfated and monophospho 
rylated rFIX molecules which is increased at least 3 fold 
compared to the relative amount of monosulfated and mono 
phosphorylated rFIX present in the High Salt Wash Buffer 
fraction. 
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Depending on the starting material, i.e. the composition 

comprising rPIX before purification, the method according to 
the present invention results in a purified composition com 
prising at least 20% monosulfated and/or monophosphory 
lated rPIX molecules related to the total amount of rPIX 
molecules in the purified composition. In an embodiment, 
said purified composition comprises a relative amount of at 
least 30% of monosulfated and/or monophosphorylated rFIX 
molecules (related to the total amount of rEIX molecules in 
the purified composition); in still another embodiment at least 
35%; and in yet another embodiment at least 40%. In a further 
embodiment, said purified composition comprises a relative 
amount of at least 50%, 53%, 56%, 60%, 70% or 80% of 
monosulfated and/or monophosphorylated rEIX molecules 
(related to the total amount of rFIX molecules in the purified 
composition). 
Compared to the relative amount of monosulfated and/or 

monophosphorylated rFIX molecules in the composition 
comprising rEIX before purification, the purification method 
of the present invention provides an enrichment in monosul 
fated and/or monophosphorylated rFIX molecules in the elu 
ate of at least 10%. In one example, said enrichment is at least 
20%, in still another example at least 30%. 
The present invention will be further illustrated in the fol 

lowing examples, without any limitation thereto. 

EXAMPLES 

Example 1 

Pharmacokinetics of De-Phosphorylated pdFIX in 
Comparison with pdFIX and rFIX-Product 

BenefixTM 

In order to trace altered in vivo recovery properties of FIX 
back to phosphorylation, the following study is performed: A 
pdFIX preparation is enzymatically de-phosphorylated 
using 96-phosphatase in order to compare the pharmacokinet 
ics of the pdFIX molecule obtained after this procedure with 
BenefixTM and non-de-phosphorylated pdFIX in a FIX 
knockout mouse model. 

Briefly, pdFIX is de-phosphorylated with w-phosphatase 
and purified via anion exchange chromatography. BenefixTM, 
de-phosphorylated pdFIX, and pdFIX are formulated in the 
same buffer and administered intravenously (i.v.) to FIX 
knockout mice at a dosage of 200 ug/kg and a Volume of 10 
ml/kg. Citrated plasma samples are taken after 15 min, 30 
min, 1, 2, 4, and 16 hours. Each treatment is carried out with 
10 animals per treatment and time point. FIX concentrations 
and activities are determined via ELISA and APTT. In vivo 
recovery is calculated from the highest FIX concentration 
value found within the first hour and is expressed as percent 
age of the administered dose. Half-life is calculated using a 
one-phase least square linear regression model of logarithmic 
transformed ELISA or APTT values. For each treatment the 
median values and the 95% confidence intervals of APTT and 
ELISA measurements are calculated. The results are shown 
in Table I for in vivo recovery and in Table II for half-life. 
Concerning recovery, the differences of pair wise compari 
Sons of median values from both measurement methods are 
significant for BenefixTM in comparison to pdFIX as well as 
for de-phosphorylated pdFIX to pdFIX, but not significant 
between BenefixTM and de-phosphorylated pdFIX. Half-life 
is found to be slightly higher for the rFIX product BenefixTM 
than for pdFIX and de-phosphorylated pdFIX. 

Similar in vivo recoveries of de-phosphorylated pdFIX and 
rFIX are found, which are both 40 to 60% lower than the 
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observed in vivo recovery of pdFIX. It can be concluded from 
this study, that at least the enzymatic removal of the phos 
phate group at serine 158 from the FIX activation peptide, 
which is the only phosphorylation site within the FIX protein, 
converts pdFIX into a species with an in vivo recovery com 
parable to CHO-derived rEIX. Therefore, phosphorylation 
and eventually Sulfation are valid targets when aiming at the 
development of cell lines for the production of an improved 
rFIX product. 

TABLE I 

In vivo recovery median values (%) of rFIX product Benefix TM, 
pdFIX, and enzymatically de-phosphorylated pdFIX found 

in FIX-knockout mice and as determined by ELISA and APTT 
clotting assay measurements. 

% in vivo recovery based on 96 in vivo recovery based 
ELISA on APTT 

95% 95% 
Median confidence Median confidence 

Treatment values interval values interval 

BenefixTM 7.2 5.4 to 9.3 6.O 5.1 to 9.0 
Enzymatically 9.5 8.1 to 10.8 8.4 6.9 to 11.3 
de 
phosphorylated 
pdFIX 
pdFIX 17.0 13.1 to 20.O 1S.O 13.6 to 20.6 

TABLE II 

Half-life median values (hours) of rFIX product Benefix TM, pdFIX, and 
enzymatically de-phosphorylated pdFIX found in FIX-knockout mice 
and as determined by ELISA and APTT clotting assay measurements. 

Halflife (hours) based Half-life (hours) based 
on ELISA on APTT 

95% 95% 
Median confidence Median confidence 

Treatment values interval values interval 

BenefixTM 6.5 5.9 to 7.2 8.9 7.9 to 12.O 
Enzymatically de- 6.1 5.7 to 6.7 6.7 6.3 to 7.4 
phosphorylated 
pdFIX 
pdFIX S.1 4.5 to 5.8 6.6 6.0 to 7.6 

Example 2 

Recombinant Expression of FIX in Cell Culture and 
Screening for Cell Lines Exhibiting a High Degree 

of rFIX-Phosphorylation and Sulfation 

The recombinant expression of human FIX is achieved by 
introducing an expression plasmid containing the human FIX 
encoding DNA sequence under the control of a strong pro 
moter into the host cell line by an appropriate transfection 
method resulting in cells having the introduced sequences 
stably integrated into the genome. The transfection method 
used is a so-called calcium-phosphate co-precipitation 
method. The plasmid also confers resistance to a selectable 
marker antibiotic drug G418 by delivering the neo resistance 
gene. 

For the identification of rFIX-producing cells, after trans 
fection and addition of the selective drug to the medium, the 
cell Suspension is diluted to enable isolation of single-cell 
derived populations, i.e. cell clones. After isolation, these cell 
clones are cultivated until confluency to enable the measure 
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ment of the rFIX content of the cell culture supernatant by 
ELISA technique. For that purpose, the cells are grown in the 
absence of any growth promoting fetal bovine serum or com 
ponents thereof to ensure the identification of the cells secret 
ingrFIX. To ensure a fully functional rEIX protein, vitamin K 
is added at appropriate concentrations. The Supernatant is 
harvested after 24 hours and can be analyzed by ELISA 
technique. In addition, the protein integrity and activity is 
assessed by measuring APTT and by electrophoresis tech 
niques including immuno-blotting. High rPIX producing cell 
clones are further propagated and stored via cryopreserva 
tion. 
To identify cell clones exhibiting the ability to add phos 

phor and sulfate groups to the synthesized rEIX molecules, 
the percentage of fully phosphorylated and sulfated rFIX is 
determined by mass spectrometry (MS) after chromato 
graphic purification of rFIX from cell culture supernatants. 
This is accomplished by binding rFIX protein to an anion 
exchange column and eluting fully carboxylated rFIX via the 
addition of Ca(II) ions as described in EP 0669342. Thus, 
collected rFIX preparations are converted to peptides by tryp 
tic digestion, and glycosidic residues are removed enzymati 
cally. For this purpose, 2 ultrypsin solution (1 mg/ml in 
0.01% trifluoracetic acid) is added to each sample and they 
are incubated at 37° C. for 2 hours. Then, 5 ul PNGase F 
(Peptide-N4-(acetyl-3-glucosaminyl)-asparagine amidase; 
100 ml J) is added to each sample and the mixture is incubated 
again at 37°C. for 18 hours. The resulting peptides are sepa 
rated by reversed phase HPLC and are analyzed by ESI 
QTOF-MS. A 1100 series HPLC system with a Jupiter 5u C4 
150 mmx2 mm is used. The solvents are specified below, the 
temperature is 40°C., and the flow is as given in the table. The 
entire sample Volume is injected under isocratic conditions. 
The LCMS analysis is done using the QTOF micro coupled to 
the HP 1100 system having a 1:3 fused silica streamsplitter. 
The gradient is as given in the table. 

Solvent A: 0.1% (v/v) HCOOH in Millio H2O 
Solvent B: 0.08% (viv) HCOOH in acetonitri 

tmin solvent A with % of solvent B flow 

O O O.2 
O.2 O O.45 
S.1 O O.45 
5.2 O O.2 
5.5 O O.2 

35.5 100 O.2 
41.5 100 O.2 
42.5 O O.2 

65.5 end of run O O.2 

To calculate the ion intensities and the molecular weights, 
the raw data are Smoothed and centered. 
The degree of phosphorylated and sulfated peptide is esti 

mated by quantification of corresponding signals using the 
software MasslynxTM 4.0. The peaks of the several modified 
forms (unmodified, monosulfated or monophosphorylated, 
monosulfated and monophosphorylated) of FIX are extracted 
and the respective reconstructed ion chromatograms (RIC) 
are generated. The resulting peaks of said reconstructed ion 
chromatograms are integrated and converted into the relative 
peak area (%). The shoulder peaks at 25.7 min and 25.5 min 
are combined to one main peak area. 

These techniques are used to generate cell lines producing 
rFIX. In this study, the recombinant expression of FIX is 
compared in 4 different host cell types (CHO, SkHep, BHK, 
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HEK293) after stable transfection, and screening of appro 
priate producer cell lines. The percentages of phosphorylated 
and sulfated rFIX protein isoform from total rFIX after usual 
down-stream purification are assessed by LC-MS and are 
shown in Table III. Because of these results, HEK293 is 
chosen as host cell line for improved rPIX isoform screening. 
A broad panel of HEK293-derived rEIX producing cell 

lines is generated and screened for rEIX productivity and 
clotting activity by the established techniques. rEIX secreted 
from these cell clones is prepared and analyzed according to 
the above outlined procedures, and exhibits at least 25% 
phosphorylated and sulfated isoform of total rEIX. Some 
examples of HEK293-derived cell clones and their character 
istic rEIX cell specific productivity rates determined by 
ELISA and APTT are listed in Table IV. Also listed are the 
percentages determined by LC-MS of fully phosphorylated 
and sulfated FIX isoform found after chromatographic puri 
fication. As a control, the phosphorylation and Sulfation con 
tent of a pdFIX product is determined by the same MS ana 
lytical procedure. The values of the CHO derived rFIX 
product BenefixTM taken from Kaufman et al., 1986, and 
Wasley et al., 1993, are also given in Table IV. 

TABLE III 

Comparison of percentages of phosphorylated and Sulfated rFIX 
isoforms equally expressed in 4 different host cell types, purified 

from cell culture supernatants and determined by LC-MS. 

Percentage of sulfated 
Percentage of sulfated 

and phosphorylated rf DX 
and phosphorylated rFIX 
isoform after enrichment 

isoform after usual according to the present 
Host Cell type purification invention 

CHO 2-4% not determined 

BHK 2% not determined 

SkHep not detected not determined 

HEK293 10-20% 25-56% 

TABLE IV 

Cell specific production rates per day based on ELISA and APTT 
data, and percentages of fully phosphorylated and Sulfated rRIX 

isoform produced by seven examples of HEK293-derived cell lines. 
The percentage of phosphorylated and sulfated FIX isoform found 
in pdFIX, and corresponding values of rFIX producing CHO clones 

taken from literature are also given. 

Percentage of fully 
phosphorylated and 

|g FIX UFIX sulfated FIX material 
10°cells/day 10°cells/day after purification 

HEK293 clone #1 3.2 50 25% 
HEK293 clone #2 1.6 130 28% 
HEK293 clone #3 2.6 360 35% 
HEK293 clone #4 10 1200 53% 
HEK293 clone #5 25 29OO 46% 
HEK293 clone #6 26 3300 49% 
HEK293 clone #7 19 1300 53% 
HEK293 clone #8 4.6 570 S6% 
pdFIX 98% 
CHO-derived cell 2-4 90-300 <1% 
clones; values taken 
from literature 
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Example 3 

Pharmacokinetics of Improved, HEK293-Derived 
rFIX in Comparison with pdFIX and rFIX Product 

BenefixTM 

The goal of the study is to confirm a significantly improved 
in vivo recovery but same half-life of HEK293 cell-derived 
rFIX in comparison to CHO cell-derived BenefixTM when 
administered to FIX-knockout mice. In addition, a pdFIX 
preparation should reveal similar pharmacokinetic properties 
as the HEK293-derived protein and serve as a control to show 
validity of the chosen animal model and to comply with 
literature data. 
HEK293 cell lines producing high-phosphorylated and 

sulfated rFIX can be used for production of the test substance. 
rFIX can be purified from cell culture supernatants by semi 
affinity calcium-dependent anion exchange chromatography 
(EP 0669342). BenefixTM and apdFIX product are both com 
mercially available. Degrees of phosphorylation and Sulfa 
tion can be analyzed by LC-MS. 

Briefly, rFIX and pdFIX forms can be administered i.v. in 
FIX-knockout mice at a dosage of 250 ug/kg and 10 ml/kg. 
Activity and concentration of administered FIX can be deter 
mined in plasma samples taken at multiple time points by 
ELISA and APTT clotting assay to calculate pharmacokinetic 
parameter values. 
As shown in Example 2, several rFIX expressing HEK293 

cell lines have been screened for performing high degrees of 
rFIX phosphorylation and sulfation. Frozen cells are stored in 
liquid nitrogen and cells can be suspended in DMEM/Ham's 
F12 medium containing 5-10% fetal bovine serum to larger 
culture systems like triple-T flasks. At confluency, the cells 
should be switched to vitamin K1-containing serum-free 
medium. Supernatants can be harvested every day for up to 
two weeks. rPIX can be purified via semi-affinity calcium 
dependent anion exchange chromatography in an endotoxin 
free system. Final product should beformulated in BenefixTM 
formulation buffer (10 mM L-histidine, 260 mM glycine, 1% 
sucrose, 0.005% Tween-80 in water, pH 6.8) at a concentra 
tion of 250 ug/10 ml and analyzed by LC-MS for degrees of 
phosphorylation and Sulfation. 

BenefixTM can be reconstituted in formulation buffer (10 
mM L-histidine, 260 mM glycine, 1% sucrose, 0.005% 
Tween-80, pH 6.8) at a concentration of 250 g/10 ml. The 
pdFIX can be reconstituted in Aqua bidest., dialyzed against 
BenefixTM formulation buffer and adjusted in this buffer to a 
concentration of 250 g/10 ml. The pdFIX and BenefixTM 
should be analyzed by LC-MS for degrees of phosphorylation 
and Sulfation. 
A single dose of FIX preparations at 250 ug/kg and 10 

ml/kg in BenefixTM formulation buffer can be administered 
via the lateral tail vein of FIX-knockout mice. Per time point 
and treatment, 5 male and 5 female animals should be used. 
Mice must be anesthetized, and blood can be collected by 
cardiac puncture at 15 min, 30 min, 1 hr., 4 hrs, 9 hrs post 
injection into sodium citrate to a final ratio of 1:10 (citrate: 
blood) and a final sodium citrate concentration of 3.8%. 
Plasma samples should be frozen immediately after centrifu 
gation. 
A control group of 5 male and 5 female mice administered 

with buffer only can be done at the first and the final time 
point. 

All plasma samples can be tested for rEIX or pdFIX con 
centrations and activities by using ELISA and APTT clotting 
assay against FIX standards. Aliquots of the FIX preparations 
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for injection should be used as reference substances to deter 
mine the actual injected amounts. 

At least, the following pharmacokinetic parameters should 
be calculated to estimate improved pharmacokinetic proper 
ties: 

e) In vivo recovery: time point with highest concentration 
of ELISA or APTT values compared to injected dose 
(U/dL or ug/dL increase per U/kg or g/kg injected). 

f) Elimination half-life (one-phase least square linear 
regression model of logarithmic transformed ELISA 
and APTT values). 

Example 4 

Purification of rFIX from Cell Culture Supernatant 
Using Step Elution 

Purification Procedure: 
For all experiments FIX cell culture supernatant of a trans 

formed HEK293 cell line was used. Before application to the 
column the cell culture supernatant was adjusted to 10 mM 
EDTA and diluted with 0.33 volume of dilution buffer (20 
mM Tris, 2 mM EDTA, pH=7.4) to complex free divalent 
cations and reduce the conductivity. 

Thereafter the FIX was purified according to the procedure 
summarized in Table V using a 2.7 ml Fractogel EMDTMAE 
650 column. 

TABLEV 

Chromatography Schena 

Chromatography 
step Volume Buffer 

Equilibration about 15 CV 20 mm Tris, 150 mM NaCl, 
2 mM EDTA, pH = 7.4 

Loading about 100 CV Diluted cell culture 
Supernatant 

Washing 16 CV 20 mm Tris, 220 mM NaCl, 
2 mM EDTA, pH = 7.4 

Elution 3 CV 20 mm Tris, 180 mM NaCl, 
2 mM CaCl2, pH = 7.4 

Post elution 15 CV 20 mm Tris, 1000 mM NaCl, 
pH = 7.4 

The fraction wash and eluate pools were analyzed for sul 
fated/phosphorylated or non-modified FIX species by a 
LCMS method on a QTOF micro on deglycosylated samples 
(as described in Example 1). The FIX species (unmodified, 
monosulfated or monophosphorylated, monosulfated and 
monophosphorylated) were quantified by peak area integra 
tion (as described in Example 1) and the relative content of 
each species is Summarized in Table VI. The data representing 
mean values of nine purification runs indicated that phospho 
rylated and/or sulfated FIX species are enriched in the eluate 
pool fraction whereas the relative content of the unmodified 
FIX species is reduced in the eluate pool fraction compared to 
the wash fraction. 

TABLE VI 

Analysis of FIX Species by LCMS 

Relative Reduction enrichment 
fraction FIX species content % in eluate 

wash unmodified 734 
Monosulfated or 16.3 
monophosphorylated 
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TABLE VI-continued 

Analysis of FIX Species by LCMS 

Relative Reduction enrichment 
fraction FIX species content % in eluate 

Monosulfated and 10.3 
monophosphorylated 

eluate unmodified 40.O O.S4 
Monosulfated or 22.5 1.4 
monophosphorylated 
Monosulfated and 37.5 3.6 
monophosphorylated 

Data represent mean values of nine experiments, 

The method presented above has a potential to selectively 
enrich FIX molecules that are posttranslationally modified by 
Sulfation and/or phosphorylation. 

Example 5 

Purification of rFIX from Cell Culture Supernatant 
Using Gradient Elution 

For all experiments FIXcell culture supernatant of a trans 
formed HEK293 cell line was used. Before application to the 
column the cell culture supernatant was adjusted to 10 mM 
EDTA and diluted with 0.33 volume of dilution buffer (20 
mM Tris, 2 mM EDTA, pH=7.4) to complex free divalent 
cations and reduce the conductivity. 

Thereafter the FIX was purified according to the procedure 
Summarized in Table VII using the Anion Exchange resin 
QFF Sepharose. Following the gradient elution and the appli 
cation of 2 CVs of Gradient Buffer B, an additional step has 
been conducted by applying 2 CVs of Buffer C (specified in 
Table VIII). 

TABLE VII 

Purification procedure 

Equilibration: 5 CV FIX Equilibration Buffer 
Load: cell culture Supernatant containing 1-2 mM 

EDTA is loaded onto the column 
Wash: 20 CV FIX Polishing Wash Buffer 
Re-equilibration: 
Conditioning for 
gradient elution: 

2 CV FIX Equilibration Buffer 
2 CVFDX Gradient Buffer A 

Gradient Elution: O% FIX Gradient Buffer Bf 100% FIX Gradient 
Buffer A to 100% FIX Gradient Buffer B within 5 
CV 

Post Elution: 2 CWFDX Gradient Buffer B, 2 CVFIX Buffer 
C2 CVFIX Post Elution Buffer 

TABLE VIII 

Buffers 

FIX Eqilibration Buffer: 20 mM Tris, 2 mM EDTA, 0.1% Triton 
X-100; pH = 7.4; conductivity 
2.11 mS/cm (24.7° C.) 
20 mM Tris, 220 mM NaCl, 0.1% Triton 
X-100; pH = 7.46, cond.: 22.1 
mS/cm (24.1° C.) 
20 mM Tris, 2 mM CaCl2, 0.1% Triton 
X-100; pH = 7.48, cond.: 2.11 
mS/cm (24.9°C.) 
20 mM Tris, 2 mM CaCl2, 180 mM NaCl, 
0.1% Triton X-100; pH = 7.40, 
cond.: 18.6 mS/cm (24.8° C.) 

FIX Polishing Wash Buffer: 

FIX Gradient Buffer A: 

FIX Gradient Buffer B: 
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TABLE VIII-continued 

Buffers 

FIX Buffer C: 20 mM Tris, 2 mM CaCl2, 200 mM NaCl, 
0.1% Triton X-100; pH = 7.29, 
cond.: 20.7 mS/cm (24.0° C.) 
20 mM Tris, 400 mM NaCl, 0.1% Triton 
X-100; pH = 7.45, cond.: 37.7 
mS/cm (24.3°C.) 

FIX Post Elution Buffer: 

Results: 
The fractions obtained during the gradient elution were 

collected into two separate pools (Pool 1-30 and Pool 31-53) 
and analyzed and quantified as described in Example 1 (see 
Table IX). The results show that FIX removed in the wash 
fraction has a low degree of modification (as already seen 
with the step elution method). In addition, the FIX eluting 
early from the gradient is also of low quality referring the 
modification grade and can be removed. The FIX material 
eluting late from the gradient (Pool 31-53) shows a high 
degree of mono-phosphorylated or mono-sulfated species as 
well as of mono-phosphorylated and mono-sulfated species. 
These results indicate that the gradient elution allows a fur 
ther enrichment of the sulfated and/or phosphorylated FIX 
species. 

TABLE IX 

FIX fractions analyzed for sulfation and phosphorylation by HPLC 
MS method after deglycosylation by PNGase F and tryptic digest. 

relative content relative content 
relative of mono- of mono 

content of phosphorylated or phosphorylated 
unmodified mono-sulfated FIX and mono-sulfated 

Fraction name FIX (%) % FIX (%) 

FIX Wash 78.3 13.0 8.7 
FIX Eluate 8O.O 2O.O O 
(Pool 1-30) 
FIX Eluate 39.6 25.4 35.1 
(Pool 31-53) 
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The invention claimed is: 
1. A method for purification of a recombinant Factor IX 

(rEIX) composition enriched in monosulfated and/or mono 
phosphorylated rFIX, wherein the method comprises the 
steps of: 

a) loading a composition comprising rPIX onto an anion 
exchange material; 

b) washing the anion exchange material using a high salt 
washbuffer having a conductivity of 22+1 mS/cm at 25° 
C., thereby forming a high salt wash buffer fraction 
comprising rEIX, wherein less than 30% of the rFIX in 
the high salt wash buffer fraction is monosulfated and/or 
monophosphorylated; 

c) eluting rFIX from the anion exchange material using a 
gradient of anions in an elution buffer comprising diva 
lent cations; 

d) collecting the rFIX eluate in fractions; and 
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e) pooling fractions enriched in monosulfated and/or 

monophosphorylated rEIX, thereby forming a purified 
rFIX composition enriched in monosulfated and/or 
monophosphorylated rFIX, 

wherein at least 30% of the rFIX in the purified rFIX 
composition are monosulfated and/or monophosphory 
lated. 

2. The method according to claim 1, wherein the rFIX is 
human rFIX. 

3. The method of claim 1, wherein the gradient is linear. 
4. The method of claim 1, wherein the gradient is stepwise. 
5. The method of claim 1, wherein the divalent cation is 

selected from the group consisting of Ca", Mg", Sr", Co.", 
Ni", and Zn?". 

6. The method of claim 1, wherein the concentration of 
divalent cations is from 0.5 mM to 10 mM. 

7. The method of claim 6 wherein the concentration of 
divalent cations is from 2 mM to 5 mM. 

8. The method of claim 6, wherein the concentration of 
divalent cations is 2 mM. 

9. The method of claim 1, wherein the elution buffer con 
tains a buffering agent selected from the group consisting of 
Tris, HEPES, Imidazole, Histidine, Phosphate, and MOPS. 

10. The method of claim 1, wherein at the beginning of the 
gradient the elution buffer has a conductivity of from 0.5 to 16 
mS/cm at 25° C. and at the end of the gradient the elution 
buffer has a conductivity of from 80 to 160 mS/cm at 25°C. 

11. The method of claim 1, wherein at the beginning of the 
gradient the elution buffer has a conductivity of 2.11 mS/cm 
at 25°C. and at the end of the gradient the elution buffer has 
a conductivity of more than 18.6 mS/cm at 25°C. 

12. The method of claim 1, wherein at the end of the 
gradient, the elution buffer comprises Sodium chloride in an 
amount from 150 mM to 2000 mM. 

13. The method of claim 12, wherein at the end of the 
gradient, the elution buffer comprises a sodium chloride con 
centration of 180 mM. 

14. The method of claim 1, wherein the elution buffer has 
a pH of from 6 to 9. 

15. The method of claim 14, wherein the elution buffer has 
a pH of from 7 to 8. 

16. The method of claim 15, wherein the elution buffer has 
a pH of 7.4+0.2. 

17. The method of claim 1, wherein at the beginning of the 
gradient the elution buffer comprises 20 mM Tris, 2 mM 
CaCl, 0.1% Triton X-100, a pH of 7.4+0.2, and a conductiv 
ity of 2.11 mS/cm at 25°C. 

18. The method of claim 1, wherein at the end of the 
gradient the elution buffer comprises 20 mM Tris, 2 mM 
CaCl2, 180 mM sodium chloride, 0.1% TritonX-100, a pH of 
7.4+0.2, and a conductivity of 18.6 mS/cm at 25°C. 

19. The method of claim 1, wherein the anion exchange 
material is a resin comprising aligand selected from the group 
consisting of diethylaminoethyl (DEAE), quarternary amio 
nethyl (QAE), quarternary ammonium (Q), polyethylene 
imine (PEI), triethlaminoethyl (TMAE), and dimethylamino 
ethyl (DMAE). 


